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2. Summary of National Data 
Jaap Slootweg, Maximilian Posch, Maarten van ’t Zelfde* 
*Institute of Environmental Sciences (CML), Leiden, the Netherlands 
2.1 Introduction 
The Working Group on Effects (WGE) ‘… approved calls for data for … critical loads of acidification and 
eutrophication and target loads (in early 2005)’ (EB.AIR.WG.1.2004.2.e).  In this call, with a deadline of 28 
February 2005, the Coordination Center for Effects (CCE) requested National Focal Centres (NFCs) to submit 
data with only a few changes/additions since the previous call (compare with Hettelingh et al., 2004); inter alia: 
• The implementation year changed from 2015 to 2020; 
• The values of several output variables from dynamic modelling for 5 key years and 2 different scenarios 
(‘Gothenburg’ and ‘Background’) were requested; 
• The computation of Damage Delay Times (DDT) and Recovery Delay Times (RDT) was requested; 
• Updated software provided by the CCE enabled NFCs to perform consistency checks on their data before 
submission. 
The full text of the ‘Instructions for Submitting Critical Loads and Dynamic Modelling Data’, which was sent to 
the NFCs with the call for data, is reproduced in Appendix A. 
This Chapter reports on the results of the call for data (critical loads and dynamic modelling results) and shows 
statistical analyses of some of the most interesting variables. 
2.2 National responses 
A total of 14 countries updated their critical loads (CLs), and all except one also updated and extended their 
dynamic modelling (DM) results. Of these, the Czech Republic, Ireland and Switzerland submitted DM data for 
the first time. Altogether, critical load data are now available from 25 NFCs, and from these 14 have provided 
dynamic modelling results. Table 1-1 in Chapter 1 shows the most recent submission date for each NFC. Table 2-
1 shows details about the 14 submissions following this call for data. The table lists the number of records and the 
total area covered for each ecosystem type. The EUNIS ecosystem classification system was applied by all 
countries, and for this overview the numbers are aggregated to EUNIS level 1. 
Table 2-1. Type and number of ecosystem records for which data were provided in this call for data. 
Acidity CLs Nutrient N CLs Dynamic Modelling 
Country 
Country 
Area 
(km2) 
EUNIS 
level 1 # ecosyst Area (km2) # ecosyst Area (km2) # ecosyst Area (km2) 
Austria 83,858 Forest 496 35,745 496 35,745 496 35,745 
Belarus 207,595 Forest 8,631 93,305 8,631 93,305 
  
  
Grassland 1,779 15,257 1,779 15,257 
  
  
Wetlands 100 773 100 773 
  
  
 
total 10,510 109,334 10,510 109,334 
  
Bulgaria 110,994 Forest 87 52,032 87 52,032 83 47,887 
Czech Republic 78,866 Forest 2,257 11,178 2,257 11,178 2,257 11,178 
France 543,965 Forest 3,840 170,657 3,840 170,657 3,840 170,657 
  Grassland 81 1,580 81 1,580 80 1,553 
  
Wetlands 67 5,123 67 5,123 67 5,123 
  
Other 156 2,741 156 2,741 156 2,741 
  
 
total 4,144 180,102 4,144 180,102 4,143 180,074 
Germany 357,022 Forest 100,954 100,954 100,954 100,954 100,954 100,954 
  
Grassland 1,520 1,520 1,520 1,520 1,520 1,520 
  
Shrub 310 310 310 310 310 310 
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Acidity CLs Nutrient N CLs Dynamic Modelling 
Country 
Country 
Area 
(km2) 
EUNIS 
level 1 # ecosyst Area (km2) # ecosyst Area (km2) # ecosyst Area (km2) 
  Wetlands 1,195 1,195 1,195 1,195 1,195 1,195 
  
Other 2,16 216 216 216 216 216 
   total 104,195 104,195 104,195 104,195 104,195 104,195 
Ireland 70,273 Forest 17,242 4,254 17,242 4,254 17,242 4,254 
  
Grassland 6,895 2,050 6,895 2,050 6,895 2,050 
  
Shrub 6,847 2,631 6,847 2,631 6,847 2,631 
   total 30,984 8,936 30,984 8,936 30,984 8,936 
Italy 301,336 Forest 714 89,560 714 89,560 714 89,560 
  
Grassland 185 23,027 185 23,027 185 23,027 
  
Shrub 210 12,822 210 12,822 210 12,822 
  
Water 1 6 1 6 1 6 
  
Other 19 463 19 463 19 463 
  
 
total 1,129 125,878 1,129 125,878 1,129 125,878 
Netherlands 41,526 Forest 90,155 5,635 42,686 2,668 76,222 4,764 
  
Grassland 14,112 880 14,112 880 10,135 633 
  
Shrub 5,675 355 5,675 355 5,540 346 
  
Wetlands 1,637 104 1,637 104 1,101 69 
  
Water 
  
417 5 
  
  
Other 5,148 322 5,148 322 3,839 240 
  
 
total 116,727 7,295 69,675 4,334 96,837 6,052 
Norway 323,759 Forest 662 67,011 
    
  
Water 2,324 322,150 
  
131 20,535 
  
Other 
  
35,418 318,762 
 
 
  
 
total 2,986 389,161 35,418 318,762 131 20,535 
Poland 312,685 Forest 88,383 88,383 88,383 88,383 88,383 88,383 
243,307 Forest 150,208 19,748 151,815 19,896 
  
 
Grassland 99,451 20,010 119,062 21,897 
  
 
Shrub 78,550 24,669 78,985 24,785 
  
 
Wetlands 18,682 5,455 19,079 5,506 
  
 
Water 1,717 7,790 
  
320 1,190 
United 
Kingdom 
  
 
Other 
  
10,299 2,119 
  
41,285 Forest 260 11,612 9,886 9,886 260 11,612 
 
Grassland 
  
9,488 9,488 
  
 
Shrub 
  
1,640 1,640 
  
 
Wetlands 
  
1,727 1,727 
  
 
Water 100 180 49 49 
  
Switzerland 
 
total 360 11,792 22,790 22,790 260 11,612 
449,964 Forest 25,442 225,264 25,442 225,264 542 24,400 
 
Water 3,084 284,819 
  
234 6,724 
Sweden 
  
 
total 28,526 510,084 25,442 225,264 776 31,124 
Grand Total 3,166,435 
 
739,392 1,711,786 774,750 1,361,137 329,994 672,790 
 
Figure 2-1 shows the same information in the form of bar charts, with the coverage of the different ecosystems 
relative to the total country area. The figure clearly shows that forests are the most widely used ecosystem, and 
that dynamic modelling is sometimes applied to a subset only, for which enough input data are available at a 
national scale. 
 
Netherlands Environmental Assessment Agency Page 29 of 171 
0
10
20
30
40
50
60
70
80
90
100
N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M
AT BG BY CH CZ DE FR GB IE IT NL NO PL SE
Other
Water
Wetlands
Shrub
Grassland
Forest
N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M N
u
A
c
D
M
 
Figure 2-1. National distributions of ecosystem types for which data have been submitted for acidification (Ac), 
eutrophication (Nu) and dynamic modelling (DM). 
The spatial coverage of Europe with critical load and dynamic model calculations can be seen in Figure 2-2 for all 
25 NFCs. It shows that the dynamic modelling effort is concentrated in areas with the highest CL exceedances 
(mainly central and north-western Europe). 
CLs only
DynMod
+TL calcs
CCE/MNP
 
Figure 2-2. Map displaying the EMEP50 grid cells for which critical loads have are available from national 
submissions (25 NFCs). Coloured (green and red) cells indicate that also dynamic modelling has been performed 
(for at least one ecosystem); red cells that also target loads have been calculated. 
A key quantity in determining a critical load is the chemical criterion linking soil (water) chemistry to the 
‘harmful effects on specified sensitive elements of the environment’. Figure 2-3 summarizes the critical values 
that NFCs selected in their critical load calculation. The area plotted is relative to the total area of all submitted 
ecosystems with a maximum critical load for sulphur. Not plotted are the following criteria: 
• [ANC], which has been used for all aquatic ecosystems; 
• Base saturation, used for the remaining 29% of Cypriot forest, and shrubs (57 %). 
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‘Other’ or ‘missing’ criteria. An increasing number of ecosystems is considered to be limited by different, or a 
combination of two or more criteria. 
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Figure 2-3. Area, relative to the total area of submitted ecosystems for acidity, for a selection of chemical criteria, broken 
down by ecosystem types. 
2.3 Critical load maps and distributions 
All 2005 national submissions contained critical loads for nutrient nitrogen, CLnut(N). Figure 2-4 shows the 
critical load in two ways. On the left are maps of CLnut(N) for the 5th, 25th, and 50th percentile in the 50×50 km 
EMEP grid cells, and on the right the cumulative distribution functions for each country, separately for 3 
ecosystem classes, are plotted. The black dashed line, with the legend ‘EU-DB’, gives the distribution of 
CLnut(N) as computed with the European background database held at the CCE. This dataset is described in 
Chapter 4. EU-DB contains only data on forests, and thus only the national contribution for forest (the brown line) 
should be compared with it. The numbers at the right of the CDFs is the number of ecosystem records for the 
indicated ecosystem type. 
Most of the sensitive areas in the 5th percentile also show sensitive in the 25th and even in the map showing the 
median values. The CDFs show relatively steep functions, also demonstrating this phenomenon. This means that 
reductions in these areas, if exceeded, are likely to be efficient. The 5th percentile is also shown in Figure 1-3 
(Chapter 1), where it is mapped next to the 5th percentile for subsets of ecosystem types: forests, (semi-) natural 
vegetation and surface waters. 
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Figure 2-4. Critical loads of nutrient nitrogen from the 14 NFCs which responded to the last call The EMEP50 maps of the 
5th, 25th and 50th percentile on the left and the cumulative distributions for 3 ecosystem classes on the right  
(EU-DB=European background data base). 
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Figure 2-5. Maximum critical loads of sulphur from the 14 NFCs which responded to the last call The EMEP50 maps of the 
5th, 25th and 50th percentile on the left and the cumulative distributions for 3 ecosystem classes on the right  
(EU-DB=European background data base). 
In Figure 2-5 the same maps and functions are displayed for the maximum critical load of sulphur, CLmax(S), 
chosen as a representative quantity for the acidity critical load function. The Figure shows that the ecosystems 
most sensitive to acidification are mostly located in the Nordic countries and Scotland. 
Finally, in Figure 2-6 these maps and functions are shown for the minimum critical load of N, CLmin(N). This 
quantity, which also is part of the critical load function of acidity, is (in most cases) the sum of net N uptake by 
vegetation and the long-term immobilisation of N. The maps and graphs show that this quantity has a much more 
narrow distribution than CLmax(S). 
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Figure 2-6. Minimum critical load of nitrogen from the 14 NFCs which responded to the last call The EMEP50 maps of the 
5th, 25th and 50th percentile on the left and the cumulative distributions for 3 ecosystem classes on the right  
(EU-DB=European background data base). 
2.4 Input variables for critical loads and dynamic modelling 
The soil and other site specific parameters, which are used in critical load and dynamic model calculations, have 
been asked in the call for data to enable consistency checks and inter-country comparisons. In most cases the 
differences between counties can easily be explained, and it is the hope of the CCE that some differences or 
peculiarities in distributions shown in this section may lead to improvements in future data submissions. 
Important element fluxes in the Simple Mass Balance (SMB) model are weathering, leaching, uptake and N 
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immobilisation. A basic variable is the amount of water percolating through the root zone, Qle. Its CDFs are 
shown for the countries that submitted data, separately for forests, semi-natural vegetation and surface waters. All 
CDFs shown in this section also display as a thin black dashed line the respective variable of the European 
background data base (see Chapter 4). 
As can be seen in Figure 2-7, some countries show quite high values for Qle, close to the annual precipitation, 
which could hint to at inconsistencies in the evapotranspiration calculations. Not all countries modelled 
denitrification, fde, as a fraction of the net N input, but used an absolute amount of N denitrified Nde; thus no 
respective CDFs are shown for those countries (e.g. the United Kingdom
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Figure 2-7. The CDFs of the amount of water percolating through the root zone, (Qle, left) and the fraction of nitrogen 
denitrified in the soil (fde, right) (EU-DB=European background data base). 
Figure 2-8 shows the national CDFs of the acceptable leaching fluxes (left) and the N immobilisation fluxes. 
Whereas in the European background data base a constant value of 1 kg N ha–1a–1 (about 71.43 eq ha–1a–1); the 
upper limit suggested in the Mapping Manual) is used for the whole of Europe, NFCs have chosen very different 
– and in general larger – amounts on a national scale. 
. 
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Figure 2-8. The CDFs of the acceptable amount of nitrogen leached per year from the soil (Nle(acc) , left), and the N 
immobilisation fluxes (right) (EU-DB=European background data base). 
Figure 2-9 shows the correlation between nitrogen and base cation uptake for forests, vegetation, and waters 
(catchments). Plant and tree species have quite characteristic contents for nitrogen and the base cations in stem, 
branches, leaves and roots (Jacobsen et al., 2002). The amount of matter removed from the area can vary due to 
species and harvesting practises, but the ratio between nitrogen and the sum of base cations should reflect the 
mentioned specific contents. The grey lines in Figure 2-9 show the upper and lower limit of this ratio, using the 
numbers from Table 5.8 of the Mapping Manual (UBA, 2004). The top line is represents the content-ratio for oak, 
including branches, and the lower is for beech, stems only. It is remarkable that so many plots are outside of these 
lines, up to a few hundreds of equivalents. For areas, in which nitrogen uptake exceeds base cation uptake, the 
removal (harvest) of biomass would help combat acidification, a notion not everyone would agree with. 
 
Page 36 of 171 Netherlands Environmental Assessment Agency 
400
800
1200
1600
N
 u
pt
ak
e 
[eq
 ha
-
1 a
-
1 ]
AT BG 66 5
2
BY
1
CH
400
800
1200
1600
N
 u
pt
ak
e 
[eq
 ha
-
1 a
-
1 ]
CZ 286 34DE FR GB
400
800
1200
1600
N
 u
pt
ak
e 
[eq
 ha
-
1 a
-
1 ]
IE IT NL
400 800 1200 1600
Bc uptake [eq ha-1a-1]
NO
0 400 800 1200 1600
Bc uptake [eq ha-1a-1]
400
800
1200
1600
N
 u
pt
ak
e 
[eq
 ha
-
1 a
-
1 ]
PL
1 1
400 800 1200 1600
Bc uptake [eq ha-1a-1]
SE
0 400 800 1200 1600
Bc uptake [eq ha-1a-1]
SK
Legend
Forest
Aquatic
Vegetation
 
Figure 2-9. Net base cation uptake versus nitrogen uptake. The grey lines indicate the range given in the Mapping Manual. 
The cumulative distributions of the total base cation weathering fluxes are shown for all submitting countries in 
Figure 2-10. Compared to last year’s submission (see Hettelingh et al., 2004) Austria, Belarus and Switzerland 
have updated their values for weathering. 
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Figure 2-10. The CDFs of base cation weathering (BC= Ca+Mg+K+Na; EU-DB=European background data base). 
Several countries have made use of the base cation deposition data that was made available by EMEP (Van Loon 
et al., 2005). Figure 2-11 shows of a map of the EMEP data on the left, and to the right a map of the average base 
cation deposition of the most recent submission of all NFCs. EMEP made also data available for deposition on 
forests. This explains why the maps differ, even for the countries that used the EMEP data. Both maps show sea 
salt corrected base cation depositions. For the national submissions that contained the individual ions, chloride is 
used as a tracer. Since the EMEP dataset does not contain chloride, it was assumed to have the same ratio to Na as 
in sea water. This might be the reason for the striking difference between the maps. 
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Figure 2-11. Sea salt corrected base cation deposition derived from EMEP data (left) and sea salt corrected base cation 
deposition submitted by NFCs, averaged over the EMEP50 grid (right). 
In addition to variables used in critical load calculations, also variables only needed for dynamic modelling have 
been asked from the NFCs. In Figure 2-12 the cumulative distributions of the soil bulk density (left) and the 
cation exchange capacity (CEC) are displayed for each country that submitted new data. Bulk densities are quite 
low in some countries, hinting at a large proportion of organic soils. CEC values are in expected an expected 
range for all countries; and the rough estimates of the background database (dashes line) do not always agree with 
national estimates/measurements. 
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Figure 2-12. Cumulative distributions of bulk density (left) and cation exchange capacity (right) (EU-DB=European 
background data base). 
Not only input variables used in critical load calculations and dynamic modelling, but also dynamic modelling 
output was asked for some key variables in a few years (1990, 2010, 2030, 2050 and 2100). Figure 2-13 shows 
national cumulative distribution functions of the molar [Al]:[Bc] ratio in the soil solution or surface water for the 
years 1990, 2010, 2030 and 2050 for two scenarios: (a) keeping the Gothenburg Protocol deposition constant after 
2010 (right) and reducing deposition linearly to background values between 2010 and 2020 (right graphs in  
Figure 2-13). Obviously, the CDFs are identical for 1990 and 2010 in both sets of graphs; after that, however, a 
much faster and more widespread recovery, i.e. lower values, can be observed for the ‘background scenario’. But 
even under this extreme scenario not all ecosystems recover, i.e. reach a value below one, before 2050. The figure 
also shows that in many countries the values for 2050 are (very) close to those for 2030. This reaching of a steady 
state is due to the fact depositions do not change after 2010 (for ‘Gothenburg’) or 2020 (for ‘Background’).  
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Figure 2-13. Molar Al:Bc ratio  for 1990, 2010 (assuming the Gothenburg Protocol implementation) and for 2030 and 2050 
with (a) deposition kept constant after 2010 (left) and (b) reducing deposition to background level into 2020 and keeping it 
constant thereafter (right) (only the sites with an Al:Bc ratio greater than 0.1 are plotted). 
In Figure 2-14 the C:N ratio in the topsoil in the year 2010 is plotted versus the N concentration in the soil 
solution in the same year. The C:N ratio in the VSD model (and other dynamic models) controls the 
immobilisation of N in the soil (above the constant value used in CL calculations) and decreases over time. Thus 
one could expect an increase in N leaching for lower C:N ratios; but this seems not to be the case for the Dutch 
data. 
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Figure 2-14. C:N ratio versus nitrogen concentration in the soil solution for 2010 (assuming the implementation of the 
Gothenburg Protocol). 
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Figure 2-15. pH versus base saturation in 2050 with  depositions kept constant after 2010 (Gothenburg). 
In Figure 2-15, two other variables, i.e. pH and base saturation are plotted against each other for the year 2050 
(with constant Gothenburg deposition after 2010). Except for the Netherlands, in none of the shown countries can 
one discern the S-shaped pattern, which has been documented in simple dynamic models (see, e.g. Reuss, 1983; 
De Vries et al., 1989). However, one has to bear in mind that Figure 2-15 shows the pH-base saturation 
relationship for many different sites at one given point in time, whereas in those references, this pattern is 
documented for single sites over time. 
2.5 Damage delay and recovery times 
Comparing critical loads to depositions, i.e. computing exceedances, can tell whether an ecosystem will be at risk 
or will be safe at some point in time, but it does not provide any insight when this will happen. To this end, 
dynamic models have to be applied. To get insight into, e.g., the length of the period between the occurrence of 
exceedance and the violation of the chemical criterion (the risk of damage), NFCs were also requested to compute 
these so-called damage delay times (DDT) and their counterpart in case of no-longer-being-exceeded, the 
recovery delay times (RDT), both when keeping the deposition after 2010 at the 2010 level (BL-CLE scenario 
reflecting the implementation of the Gothenburg Protocol and the EC NEC Directive). In Appendix A these 
quantities are explained in more detail, and in Figure 2-16 the possible cases are summarised in which an DDT or 
RDT exists as well as their relationship to target loads (TLs). In summary, it has to be noted that: (a) a damage 
delay exists only if there is exceedance of critical loads in the specified year, but non-violation of the chemical 
criterion; and (b) recovery can only occur if there is non-exceedance of critical loads in the specified year, but the 
criterion is still violated. In the other two possible cases – (c) exceedance and violation of the criterion, and (d) 
non-exceedance and non-violation – the system is ‘damaged’ or ‘safe’, respectively. 
 
 
Netherlands Environmental Assessment Agency Page 41 of 171 
Ch
e
m
ic
a
l c
rit
e
rio
n
 
is
 
…
No
tv
io
la
te
d
Critical Load (CL) is …
Not exceeded Exceeded
Vi
o
la
te
d
RDT exists
Target year < RDT 
TL < CL, if feasible
Target year   RDT
TL = CL
TL < CL, if feasible
(No DDT or RDT)
If at present …
DDT exists
Target year  DDT
TL = CL
Target year > DDT
TL < CL, if feasible
(No DDT or RDT)
All fine!
Ch
e
m
ic
a
l c
rit
e
rio
n
 
is
 
…
No
tv
io
la
te
d
Vi
o
la
te
d
Vi
o
la
te
d
 
Figure 2-16. Summary of the cases in which damage or recovery delay can occur for all possible combinations of critical 
load (non-)exceedance and criterion (non-)violation. Also the connections with the existence of a target load are shown. 
The cumulative distributions (CDFs) of the recovery and damage delay times between 2010 and 2100, as 
submitted by the NFCs, are shown in Figure 2-17. It is important to note that 100% in these distributions does not 
mean 100% of the ecosystems, but 100% of the cases for which the respective quantity exists; and the number of 
ecosystem to which this applies are also shown in Figure 2-17. From Table 2-1 the reader can infer how this 
numbers relate to the total number of ecosystems; and columns 5 and 6 in Table 2-2 below show for each country 
the percentage of ecosystem area for which a RDT or DDT, respectively exists. These percentages refer to the 
ecosystem area in a country, which is ‘not safe’ (column 4), i.e. the area of those ecosystems for which the critical 
load is exceeded or the criterion is (still) violated, or both. 
The majority of the CDFs in Figure 2-17 are quite flat between 2010 and 2100, implying that most of the 
recovery/damage happens before 2010 and/or after 2100. This rather unexpected bimodality of the ecosystems 
involved, i.e. either recovering/deteriorating very fast or very slowly, certainly merits further investigations.  
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Figure 2-17. Cumulative distributions of recovery (RDT) and damage (DDT) delay times between 2010 and 2100 and three 
ecosystem classes, as computed by 10 NFCs. 
2.6 Target loads for acidification 
The emphasis of the last call for data with respect to dynamic modelling was on the calculation of target loads of 
acidity (sulphur and acidifying nitrogen). A target load (TL) for an ecosystem is a future deposition (path) which, 
when met, guarantees that the ecosystem is ‘safe’ – i.e. non-exceeded and chemical criterion met – from a pre-
specified year, the target year, onwards. In contrast to the critical load, a target load is not unique – it depends on 
the target year – and it is not an ecosystem property, but, of course, depends on them. As with critical loads, since 
both sulphur and nitrogen contribute to acidity, there exists, for a given target year, not a single target load, but a 
target load function (TLF). Since, for a given target year, there are potentially infinite many possible deposition 
paths to reach the target, for the work under the LRTAP Convention, the deposition path leading to the target load 
has been uniquely defined by the Protocol year, the implementation year and the target year – see Chapter one 
(especially Figure 1-1) for details. Fore general overview over dynamic modelling and further details see also 
chapter 6 of the Mapping Manual (UBA, 2004). 
Target load functions of acidity are not available for all ecosystems for which there are critical load functions in 
the data base. The reasons are either that a country has not carried out dynamic modelling at all, or within a 
country target load calculations are performed only for a subset of the ecosystems, often due to the lack of the 
additional information needed to carry out dynamic modelling. To make the target load data set completely 
compatible with the critical load data set, the following steps have been taken: 
(a) If no target loads have been calculated for an ecosystem, the target load function has been set equal to the 
critical load function. 
(b) If the target load computed is greater than the critical load, the critical load is taken (minimum of TLF and 
CLF). This guarantees that an ecosystem remains safe also after the target year. 
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(c) If a target load is not feasible for a given target year, i.e. even reducing N and S deposition to zero does 
not make the ecosystem ‘safe’ in that year, the target load is set to zero; TLF =(0,0). 
To map the full information contained in the target load functions on a European scale is virtually impossible. 
Therefore, as is routinely done with critical load functions, we look at the maximum S target load, TLmax(S), 
which is the pendant to the maximum critical load of sulphur, CLmax(S). In Figure 1-9 of Chapter 1 the  
5th percentile in every EMEP50 grid cell of TLmax(S) for the three target years 2030, 2050 and 2100 is mapped 
together with a map showing CLmax(S). A comparison of the maps shows that (a) there are grids were more than 
5% of the ecosystem area have a non-feasible target load (black grid cells), and (b) on a European scale the 
magnitude of the target loads does not change significantly as a function of the target year. Furthermore, since we 
set the target loads equal to critical loads and since the majority of ecosystems is not (or no longer) exceeded by 
the BL-CLE scenario, the target load maps are close to the critical load map for large areas. The similarity of the 
overall TLF set and the CLF set can also be seen from Figure 1-10 (Chapter 1), which shows these data per 
country as so-called diamond plots, a simplified form of displaying and comparing cumulative distributions 
(CDFs).  
Further information on the dynamic modelling results on a country basis is summarised in Table 2-2. The Table is 
organized as follows. A country’s ecosystem area (km2), for which critical loads of acidity have been computed, is 
provided in column 2. In column 3 the ecosystem area is given for which dynamic modelling was performed. The 
last two rows of the table give the results for the EU25 (of which 12 NFCs have provided dynamic modelling 
data) and all NFCs (‘LRTAP’; 14 countries with DM data). 
Most relevant for the work under the LRTAP Convention is the area where critical loads are exceeded. This area 
turns out to include most of the countries that submitted dynamic modelling data. The area at risk of acidification 
in 2000 within the geographic domain of the Convention and of the EU25 covers 579,975 km2 and 345,869 km2, 
respectively. For part of that area dynamic models were applied. Of that area 168,661 km2 and 153,828 km2 
turned out not to be safe in the LRTAP and EU25 domain, respectively (Table 2-2, column 4), meaning that the 
critical loads are exceeded or that the critical limit is violated (or both). 
In the following results for the LRTAP-domain will be used as a reading guide of Table 2-2, with results applying 
to the EU25-domain given in brackets. Column 5 shows the percentage of the non-safe ecosystem area (given in 
column 4) for which a Recovery Delay Time (RDT) can be computed under the BL-CLE (Gothenburg) scenario. 
This is the case in areas where the critical load is at present no longer exceeded, but the critical limit is still 
violated (see also Figure 2-16). Column 5 tells us that in the LRTAP-domain 29.2% (25.7% in EU25) of the area, 
which is not safe at present, would recover in the future without further measures. In fact, BL-CLE depositions 
cause 20.2% (21.9%) to recover already before 2030 (see column 7), while 20.7% (22.5%) recover before 2050 
(column 11), and finally by 2100 BL-CLE depositions will lead to a recovery of 22.3% in the LRTAP-domain and 
24.2 in the EU25 domain (column 15). Comparing column 15 (2100) to column 5 we conclude that 6.9% (1.5 %) 
of the area which is not safe now would recover only after 2100. Deposition levels would need to be reduced to 
either increase the area that recovers before 2100, or to bring closer the year of recovery. How much depositions 
should be reduced in comparison to BL-CLE deposition patterns depends on the year in which recovery is aimed 
to occur, i.e. on the target load required to obtain recovery in that year. The percentage of the European area for 
which target loads for recovery can be identified in 2030, 2050 and 2100 are provided in columns 9, 13 and 17, 
respectively.
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Table 2-2. Country statistics on delay times and dynamic modelling submissions for all 25 NFCs. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
Country CLaci DynMod NOT safe RDT DDT 2030 2050 2100 
- km2 km2 km2 % % safe TL=CL TLFs n.f. safe TL=CL TLFs n.f. safe TL=CL TLFs n.f. 
AT 35,745 35,745 334 31.0 53.4 31 36.4 32.6 0 31 36.4 32.6 0 31 36.4 32.6 0 
BE 7,282 - - - - - - - - - - - - - - - - 
BG 52,032 4,7887 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
BY 107,843 - - - - - - - - - - - - - - - - 
CH 11,792 11,612 2,650 14.8 0 9 24.5 63.8 2.7 10.7 24.5 62.1 2.7 13.7 26.3 59.9 0 
CY 4,534 - - - - - - - - - - - - - - - - 
CZ 11,178 11,178 8,004 27.1 14.9 22.2 13.6 59.2 4.9 22.9 13.6 60.9 2.6 25 13.6 60.7 0.7 
DE 104,195 104,195 57,639 23.7 16.7 21.6 17.2 58.7 2.5 22.2 16.7 59 2.1 22.7 16.5 59.4 1.5 
DK 3,149 - - - - - - - - - - - - - - - - 
EE 21,450 - - - - - - - - - - - - - - - - 
ES 85,225 - - - - - - - - - - - - - - - - 
FI 266,830 - - - - - - - - - - - - - - - - 
FR 180,102 180,074 21,510 38.9 15.3 35.8 16 43.5 4.7 36 16 46 2 38.6 16 44.1 1.3 
GB 77,673 1,190 401 83.8 0 16.2 7 59.2 17.6 16.2 11.2 58 14.6 16.2 16.4 53.9 13.6 
HR 6,931 - - - - - - - - - - - - - - - - 
HU 10,448 10,448 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
IE 8,936 8,936 1,542 42.3 41.7 42.3 44.3 13.4 0 42.3 44.3 13.4 0 42.3 44.5 13.1 0 
IT 125,878 125,878 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
MD 11,985 - - - - - - - - - - - - - - - - 
NL 7,295 6,052 3,984 1.3 4.3 0 14.2 71.7 14.2 0.2 14.7 77 8.1 1.3 14.3 84.4 0 
NO 389,161 20,535 12,183 76.5 0 0 7.5 87.6 4.9 0 11.3 84.9 3.8 0 13 86.4 0.7 
PL 88,383 88,383 48,739 19.8 47.8 19.2 47.5 32 1.2 19.5 47.5 32.9 0.2 19.8 46.7 33.5 0 
RU 3,517,134 - - - - - - - - - - - - - - - - 
SE 519,341 31,124 11,676 38.5 8.8 13.9 2.4 52.3 31.4 17.1 2.4 49.4 31.1 29.1 2.2 41 27.8 
SK 19,227 - - - - - - - - - - - - - - - - 
EU25 1,576,871 603,204 153,828 25.7 25.6 21.9 25.5 47.5 5 22.5 25.4 48.2 3.9 24.2 25 47.8 2.9 
CLRTAP 5,673,748 683,237 168,661 29.2 23.4 20.2 24.2 50.7 5 20.7 24.3 51.1 3.9 22.3 24.2 50.8 2.7 
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Column 6 gives the percentage of the area for which a Damage Delay Time (DDT) can be computed. This is the 
case in areas where the critical load is already exceeded but the critical limit is not yet violated (see also Figure 2-
16). In Europe 23.4% (25.6%) of the non-safe ecosystem area (column 4) will be damaged in the future at 
deposition levels under the BL-CLE scenario. 
Column 7 gives the percentage of the area that will be safe (critical limit not violated and deposition not 
exceeding critical loads) in 2030 under the BL-CLE scenario, i.e. 20.2% (21.9%). Column 8 lists the percentages 
of areas at risk (not safe) where  target loads for recovery in 2030 equals the critical loads, i.e. 24.2% in the 
LRTAP domain and 25.5% in the EU25 domain. Target loads lower than critical loads (column 9) are found for 
50.7% (47.5%) of the ecosystem area which is not safe in 2000 (column 4). The European area for which no target 
loads can be found, i.e. for which even zero deposition would not lead to recovery in 2030, cover 5% (5%) 
(column 10). We conclude that the area which is – and would become – safe in 2030 (columns 7+8+9) is about 
95% (95%) of the areas which are not safe now (column 4). 
Finally, columns11–14 and 15–18 provide the analogous information for 2050 and 2100, respectively. It can be 
seen that the European area for which target loads can be identified in 2050 (column 12) is 24.3% (25.4%). In 
comparison to 2030 this implies an increment of 0.1% (0.1%). The area for which target loads can be identified 
need not necessarily be larger than a previous year. This can be seen when we compare column 17 to column 13. 
The difference of about 0.4% depicts the area for which a target load was required to establish recovery in 2030, 
but which can recover in 2100 under BL-CLE depositions. This can be seen from the fact that the areas defined as 
‘safe’ (columns 7, 11 and 15) increase from 2030 to 2100, whereas the area for which target loads are non feasible 
(columns 10, 14 and 18) go down in the same period. 
It is difficult to compare a large number of critical load and target load functions in a single plot. Therefore we 
restrict such a comparison to the maximum critical load of sulphur, CLmax(S), and the corresponding quantity for 
target loads, TLmax(S). Figure 2-18 shows for each of the 11 countries, for which TLFs have been calculated, in a 
so-called ‘windmill plot’ four correlations, namely between TLmax(S) for the target years 2030 and 2050 (top right 
quadrants), between TLmax(S) for 2050 and 2100 (bottom right), TLmax(S) for 2100 and CLmax(S) (botton left), and 
CLmax(S) and TLmax(S) for 2030 (top left quadrants). The different symbols refer to three ecosystem classes 
(forests, semi-natural vegetation and surface waters). The axes extend to 2000 eq/ha/a in all four directions, and 
the small numbered arrows indicate the number of ecosystems above this value in the respective direction(s).  
A look at Figure 2-18 confirms that target loads for the different target years are fairly close to each other in many 
countries and for a majority of the ecosystems, and close to the critical loads as well. An extreme case is Ireland 
(IE) in which target loads for all years and critical loads hardly differ. An interesting case is Sweden (SE) where 
surface water target and critical loads are very close to each other, whereas the forest TLs, which are similar for 
the different target years, differ vastly from critical loads. The earlier a target year, the more stringent the target 
load (if it exists at all!); therefore the data points in Figure 2-18 should all lie on one side of the respective 1:1-line 
(diagonal), and deviations from this rule should be carefully looked into.  This type of figure allows a quick 
assessment both of the correctness and difference in target loads and their relationship to critical loads. 
References 
De Vries W, Posch M, Kämäri J (1989) Simulation of the long-term soil response to acid deposition in various buffer ranges. Water, Air and Soil Pollution 
48: 349-390 
Hettelingh J-P, Posch M, Slootweg J (eds) (2004) Critical loads and dynamic modelling results. CCE Progress Report 2004, Coordination Center for Effects, 
RIVM Report 259101014, Bilthoven, Netherlands, 134 pp www.mnp.nl/cce 
Jacobsen C, Rademacher P, Meesenburg H, Meiwes KJ (2002) Element contents in tree compartments – Literature study and data collection (in German). 
Report, Niedersächsische Forstliche Versuchsanstalt, Göttingen, Germany, 80 pp. 
Reuss JO (1983) Implications of the calcium-aluminum exchange system for the effect of acid precipitation on soils. Journal of Environmental Quality 12(4): 
591-595 
UBA (2004) Manual on methodologies and criteria for modelling and mapping critical loads & levels and air pollution effects, risks and trends. 
Umweltbundesamt Texte 52/04, Berlin. www.icpmapping.org  
Van Loon M, Tarrasón L, Posch M (2005) Modelling base cations in Europe. EMEP/MSC-W & CCE  Note 2/05, Norwegian Meteorological Institute, Oslo, 
58 pp 
 
 
 
Page 46 of 171 Netherlands Environmental Assessment Agency 
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 AT 3
3
4 1
3
3
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 CH
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 CZ
255
241
326 33
255
38
293
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 DE
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 FR
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 GB
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 IE 6272
295
6285 7
6272
6
6278
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 NL 240
236
366 97
240
29
269
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 PL
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 NO
CLmaxS 500 Tyr:2050
Tyr:2100
500
Tyr:2030 SE
Legend
Forest
Aquatic
Vegetation
 
Figure 2-18. Correlations (‘windmill plots’) between the TLmax(S) for the target years 2030, 2050 and 2100 and CLmax(S) for 
3 ecosystem classes and 11 countries for which TLFs have been computed. 
 
